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Abstract. We compare two scenarios to launch jets - formation by MHD processes or formation by thermal pressure in the 
boundary layer (BL) - with respect to their compatibility with observational data of jets in symbiotic stars, especially in the 
well studied jet source MWC 560. Finally, we discuss points of further research to be done. 
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1. Introduction 

Although jets are ubiquitous phenomena in many different as- 
trophysical objects as young stellar objects where they are 
driven by protostars, symbiotic stars (white dwarfs). X-ray bi- 
naries (neutron stars and stellar mass black holes) and active 
galactic nuclei (supermassive black holes), their formation is 
relatively unclear 

The mass loss rate of the jet is found to be connected to the 
mas s accretion ra te of the underlying disc found in most objects 
(e.g. lLivioll997h . Therefore the necessary components seem to 
be well known and common to all objects. A more careful in- 
vestigation of one specific class of objects should promise new 
insights also for the mechanisms in the other classes. From the 
observational point of view, one needs observations with a high 
spatial resolution and kinematic informations from regions as 
near as possible to the jet source. These aspects make the class 
of symbiotic stars ideal testbeds. 

Symbiotic stars are interacting binaries with orbital peri- 
ods in the range of years. These systems show outbursts sim- 
ilar to classical novae. The stellar component is a cool red gi- 
ant (RG), the hot component a white dwarf (WD) with tem- 
peratures of 50000 - 200000 K. Both stars show mass loss 
through supersonic winds. Wind material from the RG is cap- 
tured by the WD to form an accretion disc. The accretion then 
causes thermonuclear explosions of the WD surface leading to 
an increase in luminosity followed by jet emis sion. Jets are de- 
tected in 10 out of almost 200 symbiotic stars jBrocksopp et alJ 
l2004 and this p rocess was directly observed in CH Cygni 
llTavlor. S eaauist & Matteifr 986). Other famous systems are R 
Aquarii and MWC 560. While the first two objects are seen at 
high inclinations, the jet axis in MWC 560 is practically paral- 
lel to the line of sight. 



Another class of accreting WDs are cataclysmic variables 
(CV) which are very close WD binaries with a low mass main 
sequence star as companion. The mass transfer is due to Roche 
lobe overflow, not due to wind accretion. The short timescales 
in these systems make them the best understood accreting sys- 
tems. Remarkably, they show no jet emission. Further related 
objects are supersoft X-ray sources, in which the temperature 
and pressure in the boundary layer (BL) of the WD are in the 
correct range to maintain steady nuclear burning on the WD 
surface. 

In jet formation models presented so far, the magnetic field 
seems to play a key role. The first analytical work study- 
ing magneto-centrifugal acceleration along magnetic field lines 
thread ing an accretion disc was done by iBlandford & Pavn'3 
lll982h . They have shown the braking of matter in azimuthal 
direction inside the disc and their acceleration above the 
disc surface by the poloidal magnetic field components. 
Toroidal components of the magnetic field then collimate the 
flow. Numerous serni-ana lytic models extended the work of 
IBlandford & Pavnel (Il982l) . either restricte d to self-similar so- 
lution s and their ge ometric limitations (e.g.lPudritz & NormarJ 
|1986| Iviah akis & TsinganosI Il998l Il999( iFerreira & Cassel 
/OO 4I or with non-self-similar solutions (e.g.^ CamenzindT 990r 
IPelletier & PudritJl99^lBreitmoser & Camenzind>2000i) . 

Another approach is to use time-dependant numerical 
MHD simulations to investigate the formation and colUma- 
tion of jets. In most models, however, a polytropic equiUb- 
rium accretion disc w as regarded as a boundary condi tion (e.g. 
Krasnopolskv. Li & Blandford .1999.. .2004- Anderson et alJ 



2004 iGoodson. Bohm & Winffleelll999r The magnetic feed 



back on the disc structure is therefore not calculated self- 
consistently. Only in recent years were the first simulations in- 
cluding the accretion disc self- consistently in the calculations 
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of iet formation presented (e.g. Cas^ 
iKato. Mineshige & Shibatati2004) . 
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Due to the fact, that strong magnetic fields have been de- 
tected so far only in one sy mbiotic system (Z Andromedae, 
ISokoloski & Bildstenl[l999i) . the jet formation by magneto- 
centrifugal forces exclusively seems to be insufficient. 
Radiative launching can be excluded due to too small radiation 
fields. A new possibility to accelerate plasma close to the cen- 
tral object was proposed involving SPL ASHs {SPatiotempora l 
Localized Accretion SHocks) in the BL dSoker & Regevl2003l) . 
Locally heated bubbles expand, merge and acc elerate plasma to 
veloci ties larger than the local escape velocitv. lsoker & Lasotal 
ll2004 applied this model to disk-accreting white dwarfs to ex- 
plain the absence of jets in CV. They have found a critical ac- 
cretion rate of ~ 10"^ Mq yr ' below which no jets should 
be present. This scenario was introduced only in analytic esti- 
mates. 

In section 12 we give general estimates based on observa- 
tions of the well studied jet in MWC 560. After that we cal- 
culate the magnetic field near the white dwarf required for jet 
formation by MHD processes in section|3l In section|4] we list 
different ways with which a magnetic field in MWC 560 could 
be detected. Finally a discussion is given. 

2. General estimates 

As observed by IS9hmi^ ^t alj (|2Q Ql|) and as used to simulate 
the jet nozzle in IStute. Camenzind & SchmidI ll2005l) . the pa- 
rameters of the jet in MWC 560 are 

- the velocity vjet = 1000 km s"' , 

- the number density njet = 5x10*" cm"-', which is equal to a 
mass density pjet = 8.4 x 10"'** g cm""*, and 

- the jet radius /?jet = 1 AU. 

Using the equations 



Pq = MjetV 



jet 'jet 



-^'jet 
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2^^'jet = 2''^j''=''"^"j'='^'j'='' 

this specifies 



- the mass outflow rate Mjet = 9.33 x 10"^ Mq yr"' , 

- the momentum discharge Po = 5.93 x 10^^ g cm"' s"^ and 

- the kinetic jet luminosity Ljet - 2.93 x 10^^ erg s"'. 

This luminosity can be provided by several different mecha- 
nisms: 

- by the (insufficient) luminosity of the white dwarfs 



■^WD 



AnRzcrr 



3.5 X 10^^" ( ( V erg s" 

WxlO'^cm/ UO^K/ ® 



vTxlO'^cm/ VlO^K/ ^^'^ 
- the accretion power of the disk (and almost the same 
amount coming from a BL) of a rotating magnetized WD 
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1.19 X 10 
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xf ff f .jergs"' (2) 
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- or the magnetic luminosity dCamenzindl 1 997l) 



L„,g = 2 " '^■'^'^ ^ ^^^^ 



h"i)(7xl08cm) (mg)(mg)^'^' 



The flux in the UV band was measured as 10"^ erg cm"^ s"' 
dMaran et al.ll99ll) and the UV luminosity - which is likely to 
be equal to the accretion power of the disk and the boundary 
layer - is then 



Luv = L2 X 10 



35 



kpc 



ergs 



(4) 



With a derived distance of 2.5 kpc, this suggests an minimal 
accretion rate of 6.3 x 10"** Mq yr"' and therefore an ejection 
efficiency of 14 %. 

The minim al accretion rate i s belo w the critical accretion 
rate derived bv ISoker & Lasotal (l2004l) by a factor of 16. As 
these authors claim an uncertainty of a factor of ~ 10 and the 
remaining factor could naturally arise from our estimates, this 
should not concern. 

Using the observables M, Ljet and Po, one can fix in 
principle the two free parameters x and F of the model of 
ISoker & RegevI ( l2003l) . These parameters are the fractions of 
the mass outflow rate due to SPLASHs to the accretion rate 
and of the initial kinetic energy to the final kinetic energy in- 
side a SPLASH, respectively. Fixing the model highly depends 
on estimating the right mass accretion rate which, however, is 
rather difficult. 



3. Required magnetic fields in the magnetic jet 
formation scenario 

Let be a magnetic surface anchored at the inner radius of the 
accretion disk. Then this surface remains always inside the jet 
up to large distances. Using the constants of motion along this 
surface and the jet parameters, one can make detailed estimates 
following from the scenario. 

As magneto-centrifugally driven jets have fast- 
magnetosonic Mach numbers M f^ ~ 3 (e.g. 
iKrasnopolskv. Li & BlandfordI l2004l) . the total magnetic 
field in the jet should be 



V^Let + ^jet = I V^^''^' " ^-^^^ ~ ^^•''=" 



(5) 



as the azimuthal component should be dominant inside ffie jet. 
With ffie conservation of current I = R B^, the azimuthal field 
near the jet source is then 



ifi.O 



7.3 kG. 



(6) 



As B^ o <K Bp o , the total magnetic field should be by far larger. 
An upper limit can be found using again equation (|5}, namely 
Bpjet 0.34 G, and the conservation of flux ^' = Bp R^, lead- 
ing to magnetic fields in the range of 



7.3kG«Bp,o« 155 MG. 



(7) 



Matthias Stute and Max Camenzind: Are jets in symbiotic stars driven by magnetic fields? 



3 



4. Observing the magnetic field 

Following iBrocksopp et alJ ( l2004l) . jets are detected in 10 
out of almost 200 symbiotic stars. Remarkably, this is 
exactly the fraction of magnetized to un-magnetized iso- 
lated white dwarfs with field str engths larger than 30 kG 
dWickramasinghe & Ferrariol2000t) . 

A strong magnetic field, however, ha s been detected only in 
one s ymbiotic system (Z Andromedae. ISokoloski & BildstenI 
Il999l) . They interpreted an observed periodic photometric yari- 
ability as the Keplerian spin period at the magnetospheric ra- 
dius r^ag, where the magnetic pressure of the WD's field is 
comparable to the ram pressure of the accreted material. This 
radius can be calculated as 



B*R 



12 \l/7 



1 32 GMM2 



= 3.6 X 10 
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which leads to a Keplerian period of 
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In the case of Z And, the rn easured period was about 28 min 
jSokoloski & Bildstenligggl) . equivalent to a magnetic field of 
about 22 MG. 

As no oscillations have been detected in MWC 560 so far, 
the magnetic field near the white dwarf should have lower val- 
ues in the range of eq. - of the order of B = 100 kG, with 
which the period would be 16 s and therefore certainly below 

an y observable Umi t. 

ISoker & Regel ll2003ll . however, assumed that the mag- 
netic field either inside the jet or near the jet source would un- 
dergo fast reconnection which heats up the plasma to tempera- 
tures making the gas visible in X-rays. The maximum tempera- 
ture u p to which the gas is heated can be estimated by equipar- 
tition jTanuma et al.l20()3l) ; 



I as 



f^^r f-^f K. 

llO^-cm-^j llOOmG/ 



(10) 



Inside the jet, the maximum temperature, however, would be 
negligible. Near the jet source it would be ~ 7 x 10^ K with a 
density of 1.4 x 10'^ cm"^ - which corresponds to an accretion 
rate of 10"^ Mq yr"' - and a magnetic field of 100 kG. The 
emissivity in Bremsstrahlung, created by reconnection, would 
then be 3 X 10^ erg s"' cm"-* and, multiplied by the volume 
of the accretion disk affected by the magnetic field (2 n R^) x 
(0.1 7;.)x(r„,ag-/?.), the total luminosity would be 2.4x10^^ erg 
s"' . With again a distance of 2.5 kpc, the flux would be 3 x 10"'^ 
erg s"' cm"^. MWC 560 was not detected by the /JO^Arafl-sky 
surve y, although the flux lim it of ROSAT is 3 x 10"'^ erg s"' 
cm 2 dCruddace et alJ2002i) . 

A common argument in YSOs to explain the non-detection 
is absorption by a high column density. As iSchmid et al. C2001i) 



and IStute. Camenzind & Schmidl ( l2005l) have found that the 
number density near the red giant should be of the order of 
10^ cm"^ and then be decreasing following a l/r--law, the to- 
tal column density in directions with large inclination would be 
of the order of 10^~ cm"^ which is too low to cause the neces- 
sary absorptio n. The column densit y of the jet in MWC 560 has 
similar values JSchmid et alJ200lh leading to the same conclu- 
sion. The non-detection therefore sets an upper limit for the 
magnetic field which is at the lower end of the range of eq. 0. 



5. Discussion 

By analytic estimates for the symbiotic star MWC 560, we have 
tried to decide which of the two main mechanisms - forma- 
tion by MHD processes or formation by thermal pressure in 
the boundary layer (BL) - is more reliable to explain the ob- 
served parameters of jets in symbiotic stars. This question can 
not (yet) be answered by observations. 

The X-ray observations of MWC 560 giving an upper limit 
for the magnetic field strength show that is still consistent with 
the minimal magnetic field required for a magnetic jet forma- 
tion process. Further X-ray observations are needed to reduce 
this detection limit and to decide whether the magnetic scenario 
can be excluded or not. Until very high speed photometric ob- 
servations are made, also the first way to deduce the magnetic 
field strength does not reveal any reason against a magnetic jet 
formation process. At the moment, both mechanisms are still 
possible. 

As the BL scenario was introduced only analytically and 
the derivation of the model parameters by observation is highly 
difficult, however, numerical simulations of a compact object 
with a solid surface accreting matter would be interesting. Then 
the reliability could be qualitatively and quantitatively checked 
in different ranges of parameters, which should be interesting 
not only for symbiotic stars, but also for other kinds of binaries. 
The effectivity of jet launching by thermal pressure inside the 
BL should be investigated and dependencies of jet parameters 
as outflow rate, outflow velocity and jet kinetic luminosity from 
initial model parameters as e.g. the mass accretion rate should 
be derived. The authors have started first simulations whose 
results will be presented soon. 
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